INTRODUCTION
============

Sentinel lymph node biopsy (SLNB) is currently recognized as the basic surgical method for axillary nodal staging in clinically axillary node-negative breast cancer patients \[[@B1]\]. The most important part of SLNB is the accurate assessment of axillary nodal status.

In order to obtain accurate axillary nodal status of clinically axillary node-negative breast cancer patients, it is important to successfully identify the sentinel lymph node (SLN). Thus far, factors known to affect SLN identification rates include age, body mass index (BMI), tumor grade, SLN mapping methods, and tumor location. In particular, old age, high BMI, and use of only a single SLN mapping technique with a vital dye or radioisotope are factors that increase SLN identification failure \[[@B2],[@B3],[@B4]\]. However, according to some reports, in addition to the previously mentioned factors, the axillary arch muscle is also a factor that may reduce the SLN identification rate during SLNB \[[@B5],[@B6],[@B7],[@B8]\].

The axillary arch is primarily known as a thin muscular anomaly extending between the latissimus dorsi muscle and pectoral muscle; however, it sometimes adheres to the coracobrachialis muscle, biceps brachi muscle, coracoid process of scapular, or axillary fascia in addition to the pectoral muscle. This anomalous axillary muscular variation is the most common muscular variation of the axillary region \[[@B9],[@B10],[@B11]\]. According to literature that has reported the axillary arch, the incidence of the axillary arch has been shown to range from 0.9% to 27% \[[@B12],[@B13],[@B14]\]. Regarding the clinical relationship between the axillary arch and the axillary SLN, Keshtgar et al. \[[@B5]\] reported that it may be difficult to find the SLN during axillary SLNB because in patients who have the axillary arch, the SLN is located behind the axillary arch. Also, Serpell et al. \[[@B15]\] reported that in patients with the axillary arch, there may be difficulties in SLNB because the axillary arch may be confused with the latissimus dorsi or pectoral muscle, which are regarded as surgical landmarks during axillary node dissection.

The purpose of this study was to investigate the frequency of the axillary arch among patients with breast cancer who undergo SLNB and to determine whether the presence of the axillary arch affects the rate of intraoperative SLN identification.

METHODS
=======

We identified 1,132 patients who were diagnosed with invasive breast cancer in the Sungkyunkwan University Samsung Medical Center from January 2012 to March 2013 and who underwent SLNB. Sixty-three patients who underwent SLNB after neoadjuvant chemotherapy were excluded; therefore, the medical records of 1,069 patients were analyzed retrospectively. These 1,069 patients underwent SLNB performed by three experienced breast surgeons. The Institutional Review Board of the Sungkyunkwan University Samsung Medical Center approved this retrospective study (approval number: 2014-07-037), and the need for informed consent was waived for the review of medical images and records.

Two mapping techniques were performed for the preoperative identification of SLNs. One technique was to inject 1 mL Technetium-99^m^ tin-colloid, a radiopharmaceutical compound, into the subareolar region before surgery and then check for images after 1 hour with lymphoscintigraphy (frontal view and lateral view); the other technique was to inject 40 mg (5 mL) indigo carmine into the periareolar area. Intraoperative identification of the SLN was conducted by measuring radioactive counts of the axillary lymph node (increased 10 times more than the background radioactive count) using a gamma probe or by detecting the blue-stained axillary lymph node. SLN metastasis was checked by examining a hematoxylin and eosin-stained frozen biopsy specimen, and if SLN metastasis was found, additional axillary lymph node dissection was performed. SLN identification failure was defined as when the surgeons could not detect SLNs during SLNB.

All axillary arches were identified during SLNB. If there was a suspected axillary arch during preoperative computed tomography, the presence of the axillary arch was carefully investigated during SLNB ([Figure 1A](#F1){ref-type="fig"}). In addition, we also counted the number of patients in which the axillary arch was accidewntally found during SLNB ([Figure 1B](#F1){ref-type="fig"}). Consequently, we found the axillary arch in 79 of 1,069 patients (7.4%).

Statistical analysis
--------------------

The chi-square test was used to analyze the relationship between factors and the intraoperative SLN identification rate. If there were statistically significant factors affecting the SLN identification rate in the chi-square test, multivariate analyses were conducted using the logistic regression model. An independent t-test was used to compare the mean SLNB time between the group with the axillary arch and the group without the axillary arch and also to compare the difference in the mean number of SLNs between the group with the axillary arch and the group without the axillary arch. All statistical analyses were performed using statistical software (SPSS version 20; IBM Corp., Armonk, USA). Statistical significance was established with a *p*-value of less than 0.05.

RESULTS
=======

Clinicopathological characteristics of all patients who underwent SLNB
----------------------------------------------------------------------

The median age of all patients was 49 years (range, 23-85 years), and the mean BMI was 23.2 kg/m^2^. Breast-conserving surgery was performed in 793 patients (74.2%), and mastectomies were performed in 276 patients (25.8%). Eight hundred and thirty-one patients (77.7%) were confirmed to have a single lesion, and invasive ductal cancer accounted for 81.6% of cases. The axillary arch muscle was found in 79 patients (7.4%) ([Table 1](#T1){ref-type="table"}).

Regarding SLN mapping techniques, only radioisotope was used in 335 cases (31.3%), and only vital dye was used in 235 cases (22.0%); both methods were used in 499 cases (46.7%). The median number of SLNs resected during SLNB was 3 (range, 1-9); cancer metastasis in the SLN was found in 253 cases (23.7%), and in 24 cases (2.2%), identification of the sentinel node during the SLNB was unsuccessful ([Table 1](#T1){ref-type="table"}).

Factors associated with intraoperative identification of SLNs
-------------------------------------------------------------

SLN identification failure during SLNB occurred in 24 cases. Factors related to SLN identification failure were analyzed; BMI ≥25 kg/m^2^ (*p*=0.026) and presence of the axillary arch (*p*\<0.001) were found to be significantly associated with SLNB failure rate. SLNB was found likely to be successful when conducting SLN mapping using both dye and isotope ([Table 2](#T2){ref-type="table"}). As shown in [Table 3](#T3){ref-type="table"}, multivariate analysis was performed for various factors using the logistic regression model, and patients with a BMI ≥25 kg/m^2^ had a 3.12-fold higher SLNB failure rate than those with a BMI \<25 kg/m^2^. If there was an axillary arch, the SLNB was 10.96 times more likely to fail, and if only one mapping technique was used, the SLNB was about 4 to 6 times more likely to fail. The possibility of SLNB failure when there was an axillary arch present appeared to be about 10 times higher than when there was no axillary arch present, indicating that is the axillary arch is the most important factor affecting the failure rate of SLNB (hazard ratio, 10.96; 95% confidence interval, 4.42-27.21; *p*\<0.001).

Results of SLNB according to the presence of the axillary arch muscle
---------------------------------------------------------------------

[Table 4](#T4){ref-type="table"} shows the difference in SLNB results between the group with the axillary arch and the group without the axillary arch; the group with the axillary arch showed a 12.7% (10/79) SLNB failure rate, while the group without the axillary arch showed a 1.4% (14/990) failure rate. Patients with the axillary arch showed a high SLNB failure rate compared to patients without the axillary arch; thus, it was found that presence of the axillary arch makes SLNB more difficult (*p*\<0.001). In addition, looking at the number of SLNs resected, an average of 2.4 SLNs were resected in patients without the axillary arch, in contrast to an average of 1.7 SLNs in patients with the axillary arch, indicating that statistically significant fewer nodes were obtained in those with the axillary arch (*p*=0.002). Also, the mean operative time of SLNB was 20.8 minutes in the group with the axillary arch versus 12.5 minutes in the group without the axillary arch; the operative time for patients with the axillary arch was an average of 8 minutes longer than that for patients without the axillary arch (*p*\<0.001).

The relationship between the axillary arch and SLN location
-----------------------------------------------------------

Of the 79 patients in whom the axillary arch was identified, a total of 69 patients, excluding 10 patients failing the SLN sampling, were classified into three groups depending on the location of the SLN in relation to the axillary arch. First, those with the SLN located behind the axillary arch or higher were classified into the high axillary group; second, those with the SLN located lower than the axillary arch were classified as the low axillary group; and finally, those with the SLN found both at a high and a low axillary location were classified as the combined group ([Figure 2](#F2){ref-type="fig"}). The SLN was most frequently found in a high axillary location, with 46 out of 69 (67%) patients in the high axillary group ([Figure 2](#F2){ref-type="fig"}); the low axillary and the combined group accounted for 13 patients (19%) and 10 patients (14%), respectively. The important point with these results is that if the 10 patients in the combined group (14%) were included in the high axillary group, the probability that the SLN is located behind the axillary arch or higher accounts for 81% of cases with the axillary arch.

DISCUSSION
==========

In this study, we investigated factors affecting intraoperative SLN detection. The results showed that the intraoperative SLN sampling failure rate appeared higher when BMI was ≥25 and a single SLN mapping technique was used. These results were similar to those of papers published in the past, although age, size and histologic grade of the tumor, and factors such as multifocality proved not to affect the intraoperative SLN identification rate. In addition, this study also showed that the anomalous muscle of the axilla, the axillary arch, is a significant factor increasing the failure rates of SLNB. The axillary arch was also verified to affect the intraoperative SLN identification rate in the logistic regression model (hazard ratio, 10.96; 95% confidence interval, 4.42-27.21; *p*\<0.001).

The axillary arch is a thin muscular anomaly extending mainly between the latissimus dorsi and pectoral muscle and is the most common muscular variation of the axillary region \[[@B16]\]. Several clinical studies have reported various incidence rates of the axillary arch, ranging from 0.9% to 7.48% \[[@B12],[@B17]\]. The incidence of the axillary arch identified in several cadaveric dissection studies was 3% to 27%, a higher frequency compared to the incidence reported in clinical studies \[[@B12],[@B13],[@B14]\]. According to the results of our study, the axillary arch was present in 79 out of 1,069 patients, resulting in an incidence rate of 7.4%. Compared to other existing clinical studies, this incidence is similar or greater.

The results of this study showed that the intraoperative SLNB failure rate of patients with the axillary arch was 12.7% (10/79), increased by about 11% compared to the detection failure rate in patients without the axillary arch (1.4%; 14/990). It was recently reported that the presence of the axillary arch may interfere with SLN detection during SLNB; Ando et al. \[[@B6]\] conducted preoperative axillary multidetector row computed tomography on a total of 550 breast cancer patients, and the axillary arch was found in 59 patients. The axillary arches were divided into five types, and then the SLN identification failure rate for each type of axillary arch was assessed. The results showed that the SLN identification failure rate was 23.1% for type 2 or 3 axillary arch cases, a much higher rate compared to the failure rate of 2.2% in cases without the axillary arch \[[@B6]\].

We identified that the SLN is located behind the axillary arch or in the high axillar region between the axillary arch and the axillary neurovascular bundle in 67% (46/69) of patients with the axillary arch. An magnetic resonance imaging study on axillary arches reported by Guy et al. \[[@B18]\] showed that the axillary lymph node was found at the axillary arch level or higher in 92% (65/71) of patients with the axillary arch.

In our study, combining the rate for the high axillar region (67%) and the rate for the combined region (14%), in which the SLN is present in both the low axillary and high axillary areas, resulted in the SLN being located in the axillary arch level or higher in 81% (56/69) of cases. Therefore, most SLNs were found in the high axillary region. Several papers that have been published with respect to the general location of SLNs have reported that more than 90% of SLNs are found in the low axillary area, 1 to 2 cm lower than the axillar hairline \[[@B18],[@B19]\]. However, if the axillary arch is present, as identified in our study, the SLNs are mainly located in the high axillary region.

Such an unusually high axillary location of the SLNs is hypothesized to result in difficulties in intraoperative SLN detection and to increase the SLNB failure rate. Presence of the axillary arch may cause the surgeon to confuse it with surrounding anatomic landmark muscles, such as the latissimus dorsi or pectoral muscles, thereby resulting in more surgical time spent detecting the SLNs. In our study, in the case of patients with the axillary arch, the average time for SLNB was 20.8 minutes, about 8 minutes more than the operation time of 12.5 minutes in patients without the axillary arch. The average number of SLNs removed in cases with the axillary arch and in those without the axillary arch was 1.7 and 2.4, respectively; if the axillary arch was present, the number of identified SLNs was small. This is because it is difficult to understand the anatomical structure of the axillar area during surgery due to the presence of the axillary arch and the abnormal locations of the SLNs.

In conclusion, it was revealed that a BMI of ≥25 kg/m^2^, use of a single SLN mapping technique, and the presence of the axillary arch are factors that affect the intraoperative SLN identification rate. Among these factors, the axillary arch is the most significant factor causing SLN detection failure. As can be seen in this study, SLNs in the patients with axillary arch are mainly located in the high axillary region. Therefore, if the axillary arch is found during SLNB, it is important to check whether an SLN is located behind the axillary arch or in the high axillar region above the axillary arch to reduce the SLNB failure rate.
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![The relationship between axillary arch and the location of sentinel lymph nodes (SLNs). (A) The findings of chest computed tomography for the location of SLN in a 58-year-old breast cancer patient with axillary arch; the SLN (white arrow) can be seen located in the top of the axillary arch (yellow arrows). (B) The SLN (thick arrow) can be seen located above the axillary arch, and the lymphatic flow (thin arrows) colored with dye is found to flow into the SLN at the top of the axillary arch.\
PM=pectoralis muscle; LD=latissimus dorsi; AA=axillary arch.](jbc-17-244-g001){#F1}

![The illustration for the relationship between the axillary arch and the location of sentinel lymph nodes (SLNs). The yellow-dotted circle shown in the back and top of the axillary arch is the high axillary group of the SLN, and the blue-dotted circle is the low axillary group.\
PM=pectoralis muscle; LD=latissimus dorsi; AA=axillary arch.](jbc-17-244-g002){#F2}
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Clinicopathological characteristics of total 1,069 patients
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Factors associated with intraoperative sentinel lymph node identification rate
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Multivariate analysis of factors affecting the sentinel lymph node biopsy failure rate
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Results of sentinel lymph node biopsy according to the presence of axillary arch
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